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Abstract- We provide an overview of progress on the laser ab
sorption spectrometer development that has been fuded under
the Instrument Incubator Program.

I. INTRODUCTION

Observations of carbon dioxide mixing ratios fronarkh
orbit, primarily in the lower and middle tropospleemwith
measurement precision equivalent to 1-2 ppmv, agrdd to
define spatial gradients of carbon dioxide, from ighh
sources and sinks can be derived and quantifiedsapdrated
from the 1.4% seasonal fluctuation component [1tdwill
be needed over a wide distribution of latitude, lwipatial
resolution sufficient to provide global monthly nreaalues
on a spatial scale of order 4&m? There is currently no
available remote sensing instrumentation that ipatde of
providing the high-accuracy carbon dioxide mixingtio
measurements with the vertical and horizontal spatsolu-
tion required by the carbon cycle research progréve. are
developing an aircraft based integrated path défiftial ab-
sorption instrument known as the laser absorptipecsrome-
ter (LAS) operating in the 2-um spectral regiontthas the
potential to achieve the required precision. The 0$ this
technique for atmospheric profiling dates to thedfi@70’s
[2] and an aircraft instrument for measuring ozdremsport
has previously been described [3].

A paper outlining the project was presented at fior
Earth Science Technology Conference [4]. The profEm-
sists of the development and demonstration of tisriument.
A number of instruments will co-fly with the instnoent in
order to valid the measurement.

The laser absorption spectrometer has undergonarier
of risk reduction experiments and considerable glesffort
during the past year. A critical design review ftive LAS
transceiver is to be held in late May 2003, with shof the
hardware being completed during the remainder o®320
Integration and testing of the LAS instrument wilke place
during the first half of 2004 with a field flighteist on the DC-
8 planned in the latter half of 2004.

Il. LAS INSTRUMENT DESCRIPTION

The coherent LAS transceiver
Tm,Ho:YLF lasers and a reference €@as cell. All three
lasers are based on CTI's METE®Rsingle frequency laser
product, scaled in power from 50mwW to 200mW.

The LAS transceiver consists of two separate trans-

mit/receive channels for the on-line and off-linensponents
of the measurement. Each channel has a dedicateztd:
dyne detector and telescope, and a cw laser whith laoth
as the transmitter and as the local oscillator fieterodyne
detection of the return signal. The third lasetsags an opti-
cal reference frequency source and is locked te lenter
using the temperature controlled, hermetically sdalefer-
ence absorption cell. The online transmitter fregeyeis off-

set locked from this frequency reference using aesband
heterodyne detector that monitors the beat frequémtween
the outputs of the two lasers. CTI and JPL havatjg dem-

onstrated that the center frequencies of two sirigdguency
Tm,Ho:YLF lasers can be locked to an accuracy lvettan 5

kHz. The effective linewidth of the offset-lockedder is then
dominated by the short-term frequency jitter of tlederence
laser. The online transmitter frequency can bestuiover a
range of +/- 5GHz with respect to the referenceiltator

using a piezo-electrically-positioned resonator-emidor. In

a similar fashion, the offline transmitter is aldequency
offset-locked to the line center reference lasarifoproved
frequency knowledge. Since this laser is detungdabout
20GHz from the reference laser, it is convenientirtgpose
frequency modulation sidebands on the referencer lasd to
lock the offline laser to one of these sideban&$/ sideband
locking (FMSL) reduces the detection bandwidth riegu
ments needed for the offset-locking function fronona than
20GHz to a few GHz, depending on the selectionhaf side-
band frequency spacing.

Figure 1 shows the vacuum wavelengths of the troee
board laser sources, where L1 represents the wagtieof
the line center reference laser, L2 the wavelergftthe on-
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line broadcast laser, and L3 the wavelength of diieline
broadcast laser. The figure also shows a reprasigatplot
of atmospheric absorption in the region of 2051rond hori-
zontal looking path in the PBL. This absorptioropis for
wavelength reference only and does not represeatetk
pected absorption profile strength (extinction dméént) as
seen from the planned aircraft platform. The ameliand off-
line lasers are tuned to the shorter wavelengtle sifithe ab-
sorption line at 2050.98nm to access absorptiotufes that
are less temperature sensitive. Laser L2 is diyegcffset-
locked to Laser L1, while Laser L3 is offset-lockéal Laser
L1 via FM sideband locking (FMSL). The frequengyazing
of L1 and L2 is tunable over 8GHz, with a centetw@ng of
4GHz. The frequency spacing of L1 and L3 is seR@GHz,
where the effect of the C{profile on the offline channel is
minimal.
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Figure 1. Wavelengths of the three lasers in theSlifans-
ceiver

The functional layout of the LAS transceiver is dgpd in
Figure 2. The transceiver head consists of seveoahpo-
nents mounted on two surfaces of a water-coolednalum
optical bench. Most of the beam paths and comptmésr
optical mixing and frequency locking are located ame side
of the optical bench, while the beam-expanding detspes
and the three laser sources are located on the cilrdace.
The output beams from the lasers are fiber-coupéed
routed to the main surface of the optical bench,ilevithe
transceiver beams are routed to and from the teless using
through-the-bench periscope assemblies. The tedwecis
configured as two monostatic, heterodyne assemhdies for
the on-line channel and one for the off-line chann@he
frequency shift in each channel between the outgaignal
and the return signal is accomplished by pointing transmit
beams slightly away from nadir below the aircraffhe off-
nadir angle is selected to set the center frequestdft and
variation to a preferred operating range (10 to 20Ms the
baseline design) based on the aircraft flight spaed attitude
control. A polarization transmit/receive architex is im-
plemented to route signals to and from the transaeiwith

circularly polarized light being broadcast throutjie atmos-
phere.

The output powers of all three lasers are monitorie
output power values for Lasers 2 and 3 are usetthéndeter-
mination of the on-line and off-line absorption part of the
LAS measurement; the output power value for Laseis 1
available primarily as a laser health status toothen the
integrity of the CQ line center servo lock. The output of
Laser 1 is passed through a high diffraction ety
acousto-optic modulator (AOM). The main functiof the
modulator is to introduce a frequency shift betweka line
center servo lock optics and the rest of the instent optics.
This eliminates unplanned interferometric feedbaektween
surfaces that would otherwise disturb the lockimggess.
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Figure 2. Functional layout of the LAS transceiene of
two surfaces)

The figure shows the AOM operating in double pasthwa
quarter-wave retardation plate and polarizer actisga po-
larization router after the second pass. With ahii¢ optical
design, this configuration allows the AOM frequentty be
tuned without displacing the doubly passed diffextbeam.
This configuration was initially selected to alloAWOM fre-
guency tuning to be used as part of the servo Ipokcess.
The latest locking servo design no longer requitgsing of
the AOM frequency and so this double pass configara
may be replaced with a simpler single pass configjon.

The AOM diffracted beam is passed through an etectr
optic modulator (EOM) that imposes®lorder frequency
modulation sidebands (modulation index ~1) on thearn
prior to its entering the reference G@ell. These sidebands
allow FM spectrometry of the C{absorption spectrum. The
phase-sensitive beat detector located after thecgbignoni-
tors the sum of the beat frequencies generated dmivthe
carrier and the lower frequency sideband and betwie
carrier and the higher frequency sideband. Theselteat
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frequency components are equal and in anti-phasenvihe
carrier is tuned to line center or when it is tunegll away
from the absorption feature. The servo-lock pracisds the
absorption feature at 2050.98nm and then uses khesjec-
trometer to lock to line center. Risk reduction aserements
have shown that the line center laser can be lodkethis
manner to an absolute frequency accuracy of ab00kBz
(peak-to-peak variation) with respect to the cemtkthe ref-

light is coupled into single mode fibers and routeddetec-
tors remotely located in the frequency offset-loukielec

tronics unit. In contrast, the heterodyne detestvith pre-
amplifier packages) used for the on-line and ofieli LAS
measurements require detection of signals of jufgvatens
of MHz and may be located on the optical bench.l lAters
and RF detectors (with the exception of the £&@rvo lock
detector) are fiber-coupled to the optical benclthvan inter-

erence CQline center. This result represents nearly a 108ening fiber-to-fiber connector in each fiber lea@his facili-

times improvement in frequency accuracy over prasly

reported demonstrations of absolute £f@quency locking
[3] and allows LAS and DIAL (range resolved differial

absorption lidar) measurements to be made to themip
level of precision required. The half-wave retarda plate,

polarizers (P) and iris are used to reduce residuaplitude
modulation (RAM) detectable in the servo-lock ersignal.

It is this RAM signal pick-up that limits the frequncy lock
accuracy of the servo, and is the result of transeephase
changes imposed on the probe beam by the EOM. carsa
beat detector is currently being considered to fe\a refer-
ence leg for beat detection in the absence of tlp &vsorp-
tion feature. The main purpose of this refereneg is to re-
duce the warm-up time of the instrument (as beaignahent
is being re-established) from about 30 minutesust ja few
minutes.

The fraction of light from Laser 1 which is not di&cted
by the AOM (about 10%) is split in two by a 50:5@G&m-
splitter and used to frequency offset-lock Laserangl 3. A
second EOM is used to introduce the FM sidebandsired
for offset-locking of Laser 1 to Laser 3. The tviequency
offset-lock (FOL) beat detectors require detectafnsignals
at several GHz frequency. To avoid signal attefmratind
noise pick-up at these high frequencies, the opticaixed

tates component replacement in the field if necassalows
BPLO (back-propagating local oscillator) alignmeuoit the
receive path to the transmit path for each LAS afelnand
allows laser source switching for relative alignmei the
two transmit/receive telescopes to ensure monigpoh the
same volume of atmosphere and ground surface return

Figure 3 shows an engineering model of the trangredp-
tical bench, showing the main optical componentstetero-
dyne LAS signal detection and absolute frequenaokiiog of
the three onboard lasers and Figure 4 shows a aisady the
thermal gradients within one of the telescopes. Diptical
bench will be located in a positive-pressure engtes de-
signed to permit hermetic sealing of the transceioptical
head and to accommodate mounting on a number &reifit
aircraft platforms.

Figure 4. Temperature Distribution within a Telepeo



The meeting presentation will discuss details af thans-
ceiver design, including results of the risk redant meas-
urements demonstrating absolute frequency lockm@©O2
line center and the status of the ancillary instaunts for vali-
dating the measurement.
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